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ABSTRACT 

Evaluations, predictions, and recommendations for ground-water 

safety were made for the 5 klloton Salmon Event, Project 

Dribble. 

Pre-shot consideration Indicated that fche nuclear explosion 

would be fully contained within the salt mass of Tatum Dome, 

enabling the conclusion that radiocontamlnatlon of aquifers 

intersecting or overlying Tatum Dome would not occur.  In the 

unlikely event that contaminants were introduced into aquifers 

it was estimated that contaminant movement within the aquifers 

would be limited to a maximum lateral distance of about 

700 meters from the point of insertion before reduction to 

acceptable concentrations by radioactive decay. Recommendations 

were included to examine several lines of shot and post-shot 

evidence to evaluate the possibility of ground-water contami- 

nation as a result of the detonation. 

The shot and post-shot data indicate that the Salmon underground 

nuclear event was essentially contained within the salt matrix 

of Tatum Dome and no explosion radioactivity has been detected 

in the aquifers. 

Recommendations are made for future sampling and monitoring of 

all aquifers previously considered to assure continuing ground- 

water safety. 
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CHAPTFJl 1 

INTRODUCTION 

1.1 BACKGROUND 

Hazleton-Nuclear Science Corporation (H-NSC) under contract 

No. AT(29-2)-1229 with Nevada Operations Office, U. S. Atomic 

Energy Corranlsslon Is responsible for evaluation of ground- 

water safety of underground nuclear tests. The work reported 

herein was conducted as part of this responsibility. 

Salmon Event, Project Dribble, was the detonation of a five 

kllotun nuclear device at a depth of 823 meters within Tatum 

Salt Dome, Lamar County, Mississippi on October 22, 1964. 

The possible contamination and disruption of ground-water 

supplies In  relatively shallow fresh-water aquifers which 

Intersect and overlie Tatum Dome Is the principal concern to 

ground-water safety associated with the Salmon Event. 

This report reviews pre-shot ground-water safety activities 

of Hazleton-Nuclear Science Corporation and summarizes shot 

results and post-shot Information from operational agencies, 

as available. The current status of ground-water safety Is 

discussed and recommendations are made for additional efforts 

required to assure continuing safety of ground-water supplies. 
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CHAPTER 2 

SAFETY PREDICTIONS 

2.1 GEOLOGIC-HYDROLOGIC ENVIRONMENT 

Tatuin Dome Is a shallow piercement-type salt stock, which 

Intersects sedimentary deposits of early Cretaceous to 

Ollgocene age and Is overlain by sediments of Miocene age. 

The Tertiary sediments have a regional dip of about 7.6 meters 

per kilometer to the southwest except where modified by the 

salt stocK or other local structural features. At surface 

zero the depth to the top of the caprock overlying the salt 

Is 309 meters and the salt contact is encountered at 448 meters 

Surface zero is 7^ meters above mean sea-level. Radial or 

circumferential faulting within or immediately surrounding 

the salt mass was not revealed in the pre-shot seismic and 

drilling Investigations. 

In the vicinity of Tatum Dome eight aquifers 15 meters or more 

thick are recognized, extending to a depth of about 790 meters. 

In descending order "local" aquifer and Aquifers 1, 2a, 2b, 

and 3a are known to extend uninterrupted over the dome. 

Aquifers 3b, 4, and 5 intersect the upper salt stock, and 3b 

may be in direct hydrologic connection with the water-bearing 

limestone caprock of the dome. Impermeable clay and silt beds 
I I 

occur between the aquifers and prevent cross-flow between 

aquifers. Static water levels of the five major aquifer units 
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in the Immediate Tatum Dome area vary between 48 and 65 meters 

above mean sea-level and Aquifer 5 stands at least 4.5 meters 

higher than any of the other units. 

Aquifer 5 Is brine-saturated and is used for disposal of oil 

field brines several miles to the southwest of the dome. 

The overlying aquifers contain fresh water. Well inventories 

within an eight kilometer radius of the site shovj supply wells 

only In the "local" aquifer and Aquifer 1. Estimated rates of 

movement of water in Aquifers 3> 4, and 5 are less than 3.5 

meters per year.  The highest rate of movement, 50 meters per 

year, is estimated for Aquifer 2a (Reference 1).  Direction 

of water movement varies for each aquifer, but is generally 

northeast or southwest. 

The detailed geologic and hydrologic setting of Tatum Dome 

and environs is described in the Dribble Tecnnlcal Letter 

series of the U. S. Geological Survey (USGS). 

2.2 PPE-SHOT GROUND-WATER SAFETY 

The following is a brief chronological review of H-NSC pre- 

shot evaluations and recommendations concerning the ground- 

water safety of the Salmon Event. 
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A) "RAiDICACTIVE HAZARD EVALUATION, HYDROGEOLOGIC 
PROGRAM, PROJECT DRIBBLE," OCTOBER 4, 1962: 
HAZLETON-NUCLEAR SCIENCE CORPORATION. 

This initial submittal defined the ground-water safety problems 

associated with Project Dribble; briefly, these are chemical 

and radiologic contamination and disruption of flow of aquifers 

intersecting and overlying Tatum Dome.  The proposed hydro- 

logic data collection program (Reference 2) was reviewed. The 

program appeared to be adequate to answer most of the hydro- 

geclogic questions whlv.1-1 might arise; however, it was concluded 

that additional attention should be given to the possible needs 

of a post-shot monitoring surveillance program as well as the 

remedial procedure requlrementvi which might become necessary. 
- 

Recommendations wert made to increase the overall effectlve- 
jU 

ness of the proposed hydrologic program and for a monitoring 

program to be iniJ .ated if radioactivity escaped the salt dome. 

B) "DRIBBLE CALCULATIONS FOR SEVERAL CONDITIONS OP 
AQUIFER CONTAMINATION AND TRANSPORT OF RADIO- 
ACTIVITIES", OCTOBER 19, 1962:  HAZLETON-NUCLEAR 
SCIENCE CORPORATION. 

Evaluation was made of the hazard to ground-water supplies 

arising from the introduction of explosion-produced Sr™, 

03^37^ ci3", and s35 into aquifers intersecting and overlying 

Tatum Dome.  It was concluded that under the most extreme 

conditions of nucllde migration, dissolution, and transport 

by ground water, that the probability of significant con- 

tamination of ground water beyond 1.7 kilometers of the 
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detonation site was very small.  In addition, tne calculated 

rates of contaminant movement would allow sufficient time for 

the instigation of appropriate remedial measures. 

C)  "EVALUATION OP THE HYDROLOGIC PROGRAM PROJECT 
DRIBBLE", MAY 8, I963:  HAZLETON-NUCLEAR SCIENCE 
CORPORATION:  S. N. DAVIS, CARROLL E. BRADBERRY AND 
ASSOCIATES INC. 

Current USGS technicax letters were reviewed.  The conclusions 

of the H-NSC report of October 4, 1962 were re-examined. 

Most of the original conclusions remained essentially unmodified 

and several statements were made to clarify the previous con- 

clusions in the light of new data available.  In addition, 

several lines of evidence whicl. would indicate possible shot- 

induced contamination of aquifers were summarized and it was 

suggested that a large-scale monitoring program should not 

be initiated until radionuclide contamination of aquifers 

was detected. 

D)  "PRODUCTION AND GROUND-WATER TRANSPORT OP RADIO- 
NUCLIDES, PROJECT DRIBBLE, SALMON EVENT, MAY 8, I963, 
JOHN V. A. SHARP, HAZLETON-NUCLEAR SCIENCE CORPORA- 
TION. 

The H-NSC report of October 19, 19^2 was revised utilizing 

current USGS data and refined prediction methodologies. The 

following was concluded.  In the unlikely event that fission 

and neutron-activation nuclides escaped the salt mass and 

were incorporated in the aquifers subsequent ground-water 

transport of these nuclides would be restricted to several 
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thousand feet (^700 meters) prior to radioactive decay to 

less than maximum permissible concentrations (M.PCw). Recom- 

mendations were made for collection of additional data 

required for post-shot safety evaluation in the event that 

explosion nuclides entered the aquifers. 

E)  INPUT FOR THE FINAL OPERATIONAL SAFETY PLAN, 
PROJECT DRIBBLE, SALMON EVENT, JUNE 22, 1964, 
HAZLETON-NUCLEAR SCIENCE CORPORATION. 

The report corresponds to parts of Sections 2.7 and 3.9 

of the Operational Safety Plan, Project Dribble-Salmon Event, 

July, 1964. The body of the report is included here as it 

Is a concise summary of H-NSC pre-shot evaluations and 

post-shot activities concerning ground-water safety. 

Gro'  -Water Contamination Predictions 

Radionuclldes released by the Salmon event are expected 
to be completely contained within the salt mass of Tatum 
Dome. In the unlikely event that contaminants are not 
confined to the salt mass and are introduced into aquifers 
overlying or intersecting Tatum Dome, it is expected that 
contaminant movement within aquifers will be small. 

Present knowledge of the Tatum ground-water system indicates 
that velocities of ground-water movement are low. In 
addition, ion exchange characteristics of the aquifers will 
significantly retard the movement of most radionuclldes with 
respect to the conveying ground water. The combination of 
low ground-water velocities, radioactive decay, and radio- 
nucli'Ie sorption would probably limit movement of contami- 
nants to a maximum of a few thousand feet of the point of 
introduction before reduction to acceptable concentration. 

Predicted explosion effects indicate that the possibll^jy 
of cross-aquifer flow of poor quality water and brines 
from the Caprock and Aquifers 4 and 5 Into overlying aquifers 
containing potable water is not likely. 
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Although conta.r.inatlon of ground water in the vlclnicy of 
Tatum Dome as a result of Project Dribble is probably remote, 
groand-vater studies completed at this site have defined 
the characteristics of the aquifer systems and any instance 
of alleged or real ground-water contamination can be properly 
evaluated. 

In addition, if post-shot information suggests the possi- 
bility of contamination, the basic hydrcgeclogic data from 
the Dribble Site would provide a sound basis for designing 
a monitoring system and remedial measures. 

Post-Shot Ground-Water Contamination Evaluation 

To assure public safety regarding ground-water supplies in 
the vicinity of the shots at Tatum Dome several lines of 
evidence can be utilized to evaluate the possibility of 
ground-water contamination. These include: 

a. anom-ilous seismic response indicating extensive 
fracturing, 

b. discovery in post-detonatior drilling of unex- 
pectedly extensive rubble chimney or fractures 
with radionuclides, 

c. evidence of stemming, casing, and grout failure 
of a t^pe which might allow injection of radio- 
nuclides into an aquifer, 

d. evidence of rapid changes in water levels or 
plezometric surfaces indicating rapid movement 
of ground water, 

e. radiochemical analysis showing high radionuclide 
content in water from close-in observation wells, 
and 

f. increased radioactivity levels in post-detonation 
gamma-ray logging of close-in observation wells. 

In addition to these indicators, pre-shot and post-shot 
sampling analysis of grounc water from wells, springs, and 
water use points in th? vicinity of Tatum Dome will be of 
valu^ in appraising f-ie extent of ground-water contamination. 
If any information suggests aquifer contamination, a compre- 
hensive plan of evaluating the extent and degree cf 
contamination and possible corrective actions can be formulated. 
The expected slow-rate of movement of contaminants will allow 
sufficient time to institute appropriate studies and action. 
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P)  ORAL PRESENTATIONS 

In addition to the submittals cited above, H-NSC peraonnel 

participated in several meetings regarding the Dribble 

Project and presented oral statements concerning ground-water 

contamination and safety aspects of the Salmon Event. 

11 i 
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CHAPTER 3 

ANALYSIS AND DISCUSSION 

3.1 POST-SHOT GROUND-WATER SAFETY 

Analysis of current post-shot data Indicates that radlo- 

nuclldes from the Salmon explosion were essentially contained 

within the salt mass of Tatum Dome. Radionuclides have not 

been detected in the subsurface beyond the immediate standing 

cavity and large-scale explosion-induced movement of nuclides 

appears to have been very limited. Neither hazardous radio- 

contamination nor radioactivity significantly above pre-shot 

recorded levels as a direct result of the explosion was 

detected in the aquifers. 

A review and interpretation follows of shot and post-shot 

data which concern ground-water safety associated with the 

Salmon Event. 

3.2 CONTAMINATION OP AQUIFERS 

3.2.1 Re-entry Drilling. A rubble chimney was not forced 

by the explosion and a stable explosion cavity was penetrated 

by two drill holes from the surface. All evidence reported 

from this program indicated that ground water had not moved 

into the explosion chamber from aquifers intersecting or 

overlying Tatum Dome (Reference 3).  Cores and radioactivity 

logs showed that explosion radionuclides were confined to the 

r^- 
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cavity and to the salt matrix Immediately surrounding the 

cavity (Reference 3). All evidence suggested the re-entry 

and emplacement holes were adequately cased and grouted and 

that aquifer water migration in the annular space between the 

holes and casing was virtually nonexistent. Future escape of 

nuclides still present within the cavity to contaminate over- 
- 

lying aquifers via the emplacement or re-entry holes was 

considered very unlikely unless destruction of hole integrity 

results from future construction or testing operations. 

3.2.2 Ground-Water Sampling. Fost-shot sampling of 
u 

Aquifers 1, 2a, 2b, 3* and the caprock was conducted in various 

wells within a 1.9 kilometer radius of ground-zero. The ÜSGS 

performed radiologic analyses of splits from these samples 

(References 4 and 5). The procedures employed by the USGS 

in making the analyses allowed detection of tritium concentra- 

tions to about 4 x 10"" jic/ml, several orders of magnitude or 

more above probable background concentrations In ground water.1 

The USGS did not detect tritium In any of the samples processed. 

Analyses for gross beta activity as strontlum-90 ranged from un- 
Q 

detected to 2.6 x 10  jic/ml. None of the samples recorded any 

radioactivity attributable to the Salmon detonation within the 

I  
Background tritium levels reportedly are less than ten tritium 
units (one tritium un^t = 3.24 x 10""9 ^c/ml). 
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limitations of the analytic procedures employed. The post-shot 

radioactivity observed was well within the range of levels 

measured in pre-shot samples gathered from the same aquifers in 

the immediate area.  Prom the above it was concluded that the 

aquifers sampled probably were not contaminated as a direct 

result of the Salmon event. However, qualification is necessary 

in that (1) the aquifers may have been sampled before the 

considered nuclides had migrated to the sampling points, or; 

(2) the analytic procedures employed may not have sufficient 

sensitivity or versatility to detect extremely low concentra- 

tions of explosion radionuclides. 

3.2.3 Gamma-Radioactivity Logging.  Post-shot gamma- 

radioactivll/ measurements were logged by the USGS in 11 wells 

in the immediate area of Tatum Dome within 30 days after the 

nuclear detonation.  Several test wells within a 2.5 kilo- 

meter radius had been logged prior to the event.  Direct com- 

parison of pre- and post-shot logs (Reference 6) indicated no 

detectable increase in radioactivity as a result of the shot. 

Post-shot logs from the other wells were within the normally 

expected levels of naturally occurring radiation activity. 

This provided additional evidence that the aquifers probably 

s     were not contaminated as a result of the Salmon event.  However, 

the possibilities exist that: 1) explosion radioactivity may 

14 
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not have reached the measured Intervals at the time of post- 

shot logging, or; 2) the detection equipment may have Insuffi- 

cient capability to record explosion-derived radioactivity 

present in the logged Intervals. 

3.2.4 Surface-Water Sampling.  The U. S. Public Health 

Service carried out a pre- and post-shot surface water sampling 

and radlochemlcal analysis program In a large area around the 

Salmon site. Through July 26, 1965 no increase in radio- 

activity over observed pre-3hot background levels has been 

recorded in any of the samples analyzed (Reference 3).  It was 

concluded that contamination of surface waters by radlonuclldes 

resulting from the Salmon Event probably did not occur. 

a 

3.3  DISRUPTION OF AQUIFERS 

3.3.1 Aquifer Response. Water level measurements were taken 

in wells at various distances from surface zero and the results 

have been reported by the USGS (Reference S). 

A general rise of 5 to 8 feet with a maximum deflection of 

about 15 feet in water level was observed Immediately after 

the detonation and cyclic fluctuations were recorded for some 

time before re-stablllzation occurred. 

I 

The response of aquifers to explosion shock waves In general 

is difficult * 0 Interpret and the effects observed at Salmon 

do not indicate conclusively whether contamination or damage 
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to any of the aquifers occurred. However, in reporting the 

aquifer response water level fluctuations, no significant 

permanent changes In re-stablllzed hydrostatic heads were 

recorded in any of the aquifers examined. Prom this It might 

be Inferred that shot-Induced damage to aquifers, possibly 

resulting In major aquifer cross-flew and brine contamination, 

did not occur. 

3.3.2 Surface-Flew Response.  Small Increases In stream 

discharge volumes were recorded for a short time following 

the Salmon Event and re-stablllzatlon to normal levels occurred 

In about 20 days. The Increased volumes probably were supplied 

from the shallow aquifers present within the Individual and 

combined drainage basins. No Inference regarding ground- 

water safety Is drawn from the data reported (Reference 9). 

i ! 
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CHAPTER 4 

GROUND-WATER SAFETY RECOMMENDATIONS 

4.1 AQUIFER MONITORING 

Radioactivity in aquifers as a direct result of the Salmon 

explosion has not been observed during the early post-shot 

period. However, the limited time period and scope of post- 

shot radioactivity monitoring of aquifers places uncertainty 

on the excli  on of radionuclides from the aquifers by ex- 

plosion action.  Tc better establish the exclusion of nuclides 

and to provide assurance of public safety, the post-shot 

radiologic characteristics of the aquifers should be monitored 

on an occasional but continuing basis for a period of years. 

The exclusion of radionuclides can never be absolutely con- 

firmed by practical surveillance measures, but it is considered 

desirable to have at least several years of continuing moni- 

toring experience to rely upon. The following program is 

accordingly recommended: 

1) annual sampling for three years accompanied by 

radiologic analyses of fluids collected from selected 

water points within a two kilometer radius of surface 

zero, the ..'equirement for subsequent sampling to be 

determined at the end of the three-year period; 

2) maintenance . x a standby basis of all pre- and post- 

shot hydrologic test wells at the Salmon site to 
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allow their use for aquifer sampling and possible 

remedial measures should any contamination be detected 

at a future date., and 

j)    in the event of detection of explosion radioactivity 

in aquifers, modify the monitoring program as appro- 

priate and prepare and implement remedial measures as 

required. 

i 
i 
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TECHNICAL AND SAFBTC  PROGRAM REPORTS SCHEDUIED FOR  ISSUANCE 
BY AGENCIES PARTICIPATING IN PROJECT IFIBBIE 

SAfETy REPORTS 

Agency Report No.    Subject or Title 

USWB VUF-1020     Weather and Surface Radiation Prediction 
Activities 

USPHS VUF-102M     Final Report of Off-site Surveillance 

USBM VUF-1022      Pre and Post-Shot Safety Inspection of Oil 
and Gas Facilities Near Project Dribble 

USGS VUF-1023      Analysis of Geohydrology of Tatum Salt Dome 

USGS VÜF-102U     Analysis of Aquifer Respond 

REECo VUF-IO25      On-Slte Health and Safety Report 

RFB, Inc.       VUF-IO26      Analysis of Dribble Data on Ground Motion 
and Containment - Safety Program 

H-NSC VÜF-1027     Ground Water Safety 

FAA VUF-IO28     Federal Aviation Agency Airspace Advisory 

H&N VUF-1029     Sunmary of Pre and Post-Shot Structural 
Survey Reports 

JAB VlJF-1030      Structural Response of Residential-IVpe Test 
Structures in Close Proximity to an Underground 
Nuclear Detonation 

JAB VUF-IO31     StructuraJ Response of Tall Industrial and 
Residential Structures to an Underground 
Nuclear Detonation. 

NOTE:  The Seismic Safety data will be included in the USC&GS 
Technical Report VUF-301U 

TECHNICAL REPORTS 

Agency Report No. 

SL VUF-3012 

SRI VÜF-3OI3 

USCSGS VÜF-301U 

UED VÜF-3OI5 

Subject or Title 

Free-Field Particle Motions fron a Nuclear 
Explosion In Salt - Part I 

Free-Field Particle Motions from a Nuclear 
Explosion in Salt - Part II 

Earth Vibration from a Nuclear Explosion In 
a Salt Done 

Compresslonal Velocity and Distano Measurements 
in a Salt Dene 
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IBL VUF-3OI6      IX ign and Operation of a Chemical Processing 
Plant for Controlled Release of a Radioactive 
las from the Cavity of a Nuclear Explosion in 
Salt 

IRL PNE-3e02 *    Response of Test Structures to Ground Motion 
from an Underground Nuclear Explosion 

SRI VÜF-3OI7      Feasibility of Cavity Pressure and Temperature 
Measurements for a decoupled Nuclear Explosion 

IPL VUF-3OI8      Background Engineering Data and Summary of 
Instrumentation for a Nuclear Test in Salt 

VES VÜF-3OI9      Laboratory Design and Analyses and Field Control 
of Grouting Mixtures Qnployed at a Nuclear Test 
In Salt 

'RL VUF-3020      Geology and Hiyslcal and Cb-raieal Properties of 
the Site for a Nuclear Explosion in Salt 

SG*^ VlIF-3021      Timing and Firing 

* Ibis report number was assigned by SAN 

In addition to the reports listed above as scheduled for Issuance by the Project 
IRIBBLE test organization, a number of papers covering Interpretation of the SAIWON 
data are to be submitted to the American Geophysical Union for publication. As 
of Ftebruary 1, 1965, the list of these papers consists of the following: 

Title 

Shock Wave Calculations of Salmon 

Nuclear Decoupling, Fall and Partial 

Calculation of P-Wave Amplitudes for 
Salmon 

Travel Times and Amplitudes of Salmon 
Explosion 

Detection. Analysi* and Interpretation 
of Teleselsmlc Signals from the Salmon 
Event 

Epicenter Locations of Salmon Event 

The Post-Explos 1cm Envlrooment Resulting 
from the Sal»» Event 

Measurements of the Crustal Structure In 
MiBSlBSlppl 

Arthor(s) Agency(s) 

L. A. Rogers Ii«L 

D. W. Pattera. . IRL 

D. L. Springer and 
W, D. Kurdlow tRL 

J. N. Jordan 
W. V. Mickey 
W. Eelterbran 

USC&GS 
AFTAC 
UED 

A. Archambeau and 
E. A. Flinn SDC 

E. Herrin and 
J. Taggart 

SMU 
USCWJS 

D. E. Rawson and 
S. M> Hansen IRL 

D. H. Warren 
J. H. Healy 
W. H. Jackson uses 

7- All cat the last paper in the above list will be read at the annual meeting of 
the American Geophysical I'nion in April I965. 
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and Development Agency 
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Corporation 
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ITEK Itek Corporation 
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JAB John A. Blune & Associates 
Research Division 
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